Background: The purpose of this case-control study was to identify risk factors for loss to follow-up (LTFU). Methods: Cases and controls were selected from HIV-positive patients, aged 18 years and older, on antiretroviral therapy (ART) at the Infectious Diseases Clinic (IDC) in January 2008. As cases, we selected 209 patients who in 2008 did not return to the clinic within 90 days of their scheduled appointment date. As controls, we randomly selected 626 patients from the 5872 patients who were following up at the end of December 2008. Results: In multivariable logistic regression analysis, urban or semiurban residence, World Health Organization disease stage III or IV at ART initiation, a median CD4 count at last visit <200 cells/mm 3 , tuberculosis (TB) in the 6 months before the last visit, absence of counseling before ART initiation, and no disclosure of HIV status were associated with LTFU. Conclusion: This study demonstrates the importance of close patient monitoring in advanced stages of disease, supportive counseling for patients initiating ART, extra psychosocial support for patients with TB and HIV coinfection, assisting patients with disclosure, and setting up a good referral system to retain patients on ART.
Introduction
Although the success of antiretroviral therapy (ART) scale-up has been widely acknowledged in resource-constrained settings, poor retention in care is a major challenge faced by ART programs. [1] [2] [3] [4] Most patient attrition occurs within the first year on ART, and patient retention across low-and middle-income countries in 2009 was estimated at 82% after 12 months on ART. 1 A meta-analysis in 2008 showed a retention rate of 86% at 6 months and 76% at the end of 2 years. 5 Brinkhof et al reported that over 40% of HIV-positive African adults who did not return for their clinic appointment were dead. 6 This high risk of death is associated with late initiation of ART in patients with advanced disease. 7, 8 Long distance to the clinic is one of the major causes for loss to follow-up (LTFU). 9, 10 Some patients may self-transfer to clinics closer to their homes or workplaces, while others may move to a different location in search of jobs and business opportunities. 10 Others may become LTFU because of family relocation, marriage, or war. Other factors influencing LTFU include stigma, low education level, religious beliefs, poor quality of services, [9] [10] [11] [12] formal and informal costs, poverty, adverse effects of drugs, nondisclosure, pregnancy, long waiting times, alcohol abuse, and use of traditional medicines. [13] [14] [15] Causes of attrition may vary in different clinics and among different patient populations. 4 The purpose of our study was to identify factors associated with increased LTFU at the Infectious Diseases Clinic (IDC), a large HIV clinic in Kampala, Uganda.
Methods

Study Setting
The IDC is a clinic owned by the Infectious Disease Institute (IDI), Makerere University College of Health Sciences. The IDC is located at the Mulago hospital campus that is the main national referral hospital in Uganda. Over 400 patients receive care at the IDC daily. 16 At the IDC, task shifting is implemented in which stable patients on ART are seen by nurses for their routine appointments or managed through pharmacy-only refill program (PRP). These patients are reviewed by doctors once every 6 months. 17 At the beginning of 2007, the IDC initiated a patient tracking system that was using patients' or their relatives' phone numbers or home visits if the phone number was unavailable to track the HIV-positive patients on ART. However, more than 30% of the targeted patients were untraceable. Reasons included wrong and missing telephone contacts and home addresses. 18 In the last 3 months of 2007, additional information was noted in the patients' medical records including the patient's physical address, their consent to a home visit if they could not be reached by phone, the ownership of the phone contact, the patient's disclosure status if the phone contact belonged to someone else, and their consent to phone tracking. Using the updated patient information, from January to December 2008, 2 home visitors tracked HIV-positive patients on ART after the patients missed their appointment date by 90 days. Patients were classified as self-transferred, dead, stopped care, and untraceable based on the outcome of the tracking intervention.
Study Design
We conducted a case-control study, whereby cases and controls were selected from HIV-positive patients, aged 18 years and older, on ART at the IDC in January 2008. Cases were all patients who in 2008 did not return to the clinic within 90 days of their scheduled appointment date. Controls were randomly selected from the patients who were following up until December 31, 2008.
Sampling Procedure
A case-control design selects study subjects on the basis of an outcome, in this case LTFU. The analysis therefore will show the prevalence of factors differing between the outcome groupings, which may be predictive of the outcome or be potentially useful as targets for intervention to decrease LTFU.
A total of 346 cases were identified from the IDC database, and 137 were excluded from the study for the following reasons: 43 were officially transferred out, 18 had missing return appointment dates, 20 had died, 49 had participated in other research studies that had a tracking component, and 7 had been found to have resumed care before 90 days after further investigation. Therefore, 209 cases were included in the study (Figure 1 ).
Three controls for each case were selected at random from a list of all patients who were still in follow-up. Using the information from the IDC database, 5872 active patients were identified, of which 1127 patients were excluded, as they were participating in research studies with a tracking component. The identification numbers of 4745 patients were arranged in ascending order. Using a sampling interval of seven, 677 controls were sampled, and only 626 were included in the study since 31 had formally been transferred to other centers and 10 were excluded as their files were missing and could not be found during the 12 months of the study (Figure 2 ). We never matched on any factor, as we wanted to explore all possible relationships with LTFU.
Data Collection
Data were abstracted from 3 sources: the IDC database, medical notes, and home visitor reports. A team of trained research assistants working with nurses, counselors, and medical officers verified the data with the patient's medical notes. Patients who reported living in Kampala or in a large neighboring town were categorized as ''urban or semiurban'' patients and the rest as ''rural'' patients.
Information on patient outcome, including dead, transferred, or untraceable, was obtained from home visitors' reports. Data were abstracted using data abstraction forms. Forms were checked for completeness and correctness. Data were double entered into EPIDATA statistical software (Version 3.1, Epi-Data Association, Odense, Denmark), cleaned, edited, coded, and exported to STATA statistical software (Version 11, Stata Corp, College Station, Texas) for analysis. Information was analyzed anonymously.
Statistical Analysis
We analyzed the differences between patients who were still in follow-up and those LTFU. Analysis of variance (ANOVA) test was used to compare mean ages, Kruskal Wallis test for median CD4 counts, and Pearson chi-square test or Fisher exact test for cell frequencies <5 were used for proportions. We used 2-tailed tests and an a-level of .05 for all our analyses. Risk factors were first explored individually using bivariate logistic regression analysis in order to select the variables for the model. Then in a multivariable model, hypothesized risk factors and confounders were included based on bivariate P value .2.
We further explored the characteristics of the LTFU patients based on the tracking outcome, including self-transferred, dead, and untraceable. We analyzed the differences between patients who were self-transferred, dead, and untraceable. Bivariate comparisons were done using the following tests: ANOVA test to comapre mean ages and duration on ART, Pearson chi-square test or Fisher exact test for proportions, and Kruskal-Wallis test for median CD4 count, respectively. All statistical analyses were performed with STATA software, version 10.0, College Station, Texas.
Ethics
The study was approved by the IDI Scientific Review Committee and the institutional review boards for School of Medicine, Makerere University College of Health Sciences and the Uganda National Council for Science and Technology.
Results
In bivariate analysis, factors associated with LTFU included female sex, older age >30 years, World Health Organization (WHO) disease stage III or IV at ART initiation, urban or semiurban residence, a median CD4 count of <200 cells/mm 3 at last visit, tuberculosis (TB) in 6 months before the last visit, ART regimen at last visit, absence of counseling, and nondisclosure of HIV status (see Table 1 ).
The variables employment, ART status at registration, ART regimen at ART initiation, and presence of treatment supporter had P values which were less than .2 at bivariate analysis. However, they were not included in the multivariable model.
Employment at bivariate analysis had a P value of .078; it is possible that some of the study patients involved in agricultural farming were misclassified as not being formally employed. This is because there was no additional information to separate the subsistence farmers from the commercial farmers. The ART experience at the IDC registration had a low significance at bivariate analysis (.053); the majority (87.5%) of the patients were ART naive when they registered at the IDC, and this variable was thought to have limited influence at multivariable analysis. At bivariate analysis, the variable ARV regimen at ART initiation had a significant P value. We, however, never included it in the model. In 2007, a year before the study period, following a change in Uganda ministry of health guidelines, there was a massive switch of 321 (75.5%) patients from stavudine (d4T)based regimen to zidovudine (ZDV)-based regimen. Inclusion of this variable therefore might result in confusing results. The variable presence of treatment supporter is necessary in assessing adherence. In this study, the LTFU patients were tracked, and the home visitors used their findings to update the patients' file. During our data abstraction, information about treatment supporters was more complete for cases than for controls. Measurement of this variable was unreliable in this study, as there was disagreement between the abstracted data and the selfreported disclosure by the patients. Including treatment supporter as a variable in multivariable model could lead to systematic bias.
In multivariable analysis, urban or semiurban residence, WHO disease stage III or IV at ART initiation, a median CD4 count of <200 cells/mm 3 at last visit, ARV regimen at last visit, TB in 6 months before the last visit, and absence of counseling and nondisclosure of HIV status were associated with LTFU (see Table 2 ).
Patients' characteristics based on tracking outcome are shown in Table 3 . The findings indicated that none of the patients found alive reported to have stopped medication. In all, 72 (34.4%) patients had self-transferred to other treatment centers, 76 (36.3%) were dead, and 61 (29.1%) were untraceable. Among those who were dead, 58 (76.3%) were in WHO disease stage III or IV at ART initiation. The majority (160, 76.5%) of the patients that were LTFU were residing in an urban or semiurban area. Only 61 (29.2%) LTFU patients had to travel a distance of more than 20 km to access care from the IDC. All 76 patients who were reported dead were seen by a medical doctor during their last visit.
In bivariate analysis, factors that were different among the categories of LTFU were median CD4 counts at last visit, duration on ART of <6 months, mean duration on ART, and ARV regimen at last visit.
At the end of the tracking exercise, 29.1% of the LTFU patients were untraceable, implying that it was impossible to know whether such patients were dead or had self-transferred to other ART centers. The untraceable were similar to the dead in terms of sex, age, marital status, CD4 count at ART initiation, and CD4 count at last visit. However, the untraceable had been on ART longer than the dead (median duration of 8 and 5 months, respectively; P ¼ .032). The untraceable were similar to the self-transferred in terms of sex, age, marital status, and CD4 count at ART initiation. However, at last visit the untraceable had a lower median CD4 count than that of the selftransferred (median 177 and 237 cells/mm 3 , respectively; P ¼ .048); their duration on ART was shorter (median 8 and 15 months, respectively; P ¼ .017).
Discussion
In our study, most factors that were significant at bivariate analysis remained significant at multivariable analysis, implying that LTFU patients were truly different from patients who were still following up. Our study confirms the results of other studies that patients in more advanced stages of the disease are at greater risk for LTFU. [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] Patients whose CD4 count did not increase to more than 200 cells/mm 3 during ART were more likely to be LTFU. Such patients remain at higher risk of developing life-threatening opportunistic infections/malignancies and therefore need to be closely monitored. 24 Many patients became LTFU shortly after initiating ART. It is possible that the majority of those patients were referrals from Mulago hospital. Indeed, many patients admitted at Mulago hospital become aware of their HIV status through the hospital routine HIV counseling and testing program. On discharge, patients are referred to the IDC to start HIV care without being informed about other care options. Such patients may drop out later because they prefer to receive care in a health facility closer to their home or workplace. 10 Patients who had TB within 6 months before their last visit were 2 times more likely to become LTFU than those without TB. Patients with TB were less likely to have disclosed their HIV status (data not shown). The IDC operates a specialized separate clinic for HIV-positive patients coinfected with TB. This separation of patients with TB from the other patients could stigmatize them leading to dropping out of care. 25 These results indicate that care programs should develop strategies that provide extra psychosocial support to all HIV-positive patients coinfected with TB. Using IDC numbers and systemaƟc random sampling with sampling interval of 7 controls were selected 677 31 excluded because were formally transferred in the last month before study 636 controls were available for data abstracƟon 10 files were missing and they were not found in the 12 months of the study period 1 127 excluded involved in studies with tracking component 626 controls wee available for data abstracƟon The proportion of the dead in our study was small compared to those reported by other studies; this could be a result of contacting patients after a shorter time of missing their clinic appointments of 90 days when compared to 6 months, allowing for timely interventions for those who may be ill. [6] [7] [8] It is possible that some of the patients who died within 6 months of ART initiation could have developed an immune reconstitution inflammatory syndrome (IRIS) since many initiated ART at a very low CD4 count. 26 Unfortunately, information about IRIS was not available in the patient records. The IRIS however is a rare cause of mortality. 27 All the patients who were dead had been seen by a doctor during their last visit. The doctors may have missed signs of serious disease conditions during their last visit. 26 It is important that high-risk patients such as those on ART with a CD4 count of <200 cells/mm 3 within 6 months of treatment should be screened for opportunistic infections and malignancies. Moreover, very sick patients should be given shorter return dates and those who miss their visits should be tracked within a week.
Following the results of this study, the IDC has instituted measures to reduce LTFU as well as mortality among patients LTFU. Patients are tracked 1 week after missing a scheduled appointment if they have a CD4 count of <200 cells/mm 3 , are on ART for <6 months, and have been diagnosed or are being investigated for TB.
Patients that self-transferred were also very sick at ART initiation, like the dead and untraceable. The former had a median CD4 count of <200 cells/mm 3 at ART initiation, but by their last visit, their median CD4 count was >200 cells/mm 3 , unlike the dead or untraceable. The majority of the patients that selftransferred had been on ART for more than 12 months, unlike the dead with a mean duration on ART of <6 months and untraceable with a mean duration on ART of 10 months. This could imply that the patients that self-transferred to other treatment centers were generally stable and feeling well by their last visit. The ART programs with high case loads should devise counseling and sensitization messages targeting patients who have improved after 1 year on ART to be transferred to treatment centers of their convenience for continuity of care. This has the benefit of decongesting the large ART centers that can then concentrate on the provision of quality care for the very sick. 10 The untraceable patients from this study seemed to have been a heterogeneous group with some patients dead and others possibly self-transferred. Indeed, their median CD4 count and duration on ART were in between those of the dead and those who self-transferred.
Urban and semiurban residence was associated with more LTFU. It is possible that some of the very sick patients, who reported to reside in an urban or semiurban area at the start of ART, were staying with a friend or a relative in order to access good medical care. Such patients may have returned to their official residences and self-transferred once their health condition improved during ART. On the other hand, it is possible that patients, who reported residing in a rural area when initiating ART, were highly motivated to be treated at the IDC and were determined to continue receiving care from the same facility. Another reason could be that people in urban or semiurban areas are more mobile because they are in search for work, business, or accommodation. Some also may selftransfer, because of stigma, to a health care institution outside the area where they live. 10 Our study illustrates the importance of close monitoring of patients in advanced stages of the disease as well as patient counseling before ART initiation to reduce attrition from care. Patients who have just initiated ART need close monitoring to reduce incidences of mortality among LTFU. Stable patients who have been on ART for more than 1 year need to be targeted for referral to a center of their convenience for routine monitoring as these might self-transfer if such a system is not available at the facility. The large proportion of the patients could not be traced due to missing information of treatment supporter or next of kin. Patients who had disclosed their HIV serostatus were less likely to be LTFU. To have a treatment supporter, patients need to disclose their HIV status to someone else. Such patients may get better socioeconomic support. Benefits may include having someone to send to the clinic for pick up of ARV drugs in case of sickness or a person to be contacted during tracking.
A limitation of our study is that we used information that was routinely collected for clinical care and not for research purposes; therefore, it may not have been very complete. We never controlled for factors like pregnancy status and religion, which could influence LTFU because these data were not available. The proportion of untraceable patients was high because of wrong addresses, incomplete data about a treatment supporter or next of kin, and a limited number of home visitors who had no time to visit patients' homes several times.
Conclusion
This study demonstrates the importance of close monitoring of patients in advanced stages of the disease, supportive counseling for patients as they initiate ART, extra psychosocial support for HIV-positive patients coinfected with TB, assisting patients with disclosure, and setting up a good referral system to retain patients on ART.
